The current study aims to compare the outcomes of patients who underwent PK-TS PCIOL with two different techniques including the covering the prolene suture knots under the scleral flap or burying them into the sclera. The results of 60 consecutive eyes are reviewed and advantages as well as complications of both methods are discussed.
Patıents and Methods
Medical records of 56 eyes of 55 patients who had undergone TS PCIOL implantation in combination with PK between April 2004 and December 2013 at Izmir Bozyaka Education and Research Hospital were analyzed retrospectively. Patients with at least one year of follow-up were included into the study. 4 patients with shorter follow-up were excluded. The patients were split into 2 groups: Group F (flap) consisted of 34 eyes of 33 patients who had PK-TS PCIOL implantation between April 2004 and December 2011 with double thread10/0 polypropylene (prolene) sutures. Scleral fixation suture knots were tied, cut and free ends were covered with a triangular
Introduction
Definitive surgical treatment of aphakia in the presence of corneal opacity is secondary intraocular lens (IOL) implantation combined with penetrating keratoplasty (PK). The two main locations for IOL implantation are in the anterior chamber (ACIOL) and in the posterior chamber (PCIOL) suture (Mani 2452L, Tochigi, Japan) was used in group B. Donor corneas were cut from the endothelial side. Recipient corneas were trephined with a Hessburg-Barron vacuum trephine. The ACIOLs or dislocated PCIOLs were removed from the eye. Anterior vitrectomy was performed. Open-sky anterior segment reconstruction including goniosynechiolysis, membranectomy or iridoplasty was carried out. Long needles were passed through the corneal opening and brought out 1 mm behind the limbus. The IOL was centered behind the pupil. Corneal graft was sutured in place with a single 10-0 nylon running suture. Sutures were tightened. IOP was restored by injecting air or BSS. Prolene sutures were tightened and tied in aforementioned manner. The conjunctiva was closed and dexamethasone, gentamicin were injected subconjunctivally.
Statistics
The paired t-test, independent-samples t-test (Mann-Whitney U test and Kruskal-Wallis test) and Chi-square test (running in SPSS version 21.0) were used for statistical analysis; a p-value <0.05 was considered statistically significant.
Results
Demographic features as well as indications for PK, host trephine size and donor-host trephine disparities are shown in table 1. There was no statistically significant difference between two groups in terms of mean age, sex and PK indications. The only statistically significant difference was found in donor-host trephine disparity between two groups. A larger donor size had been chosen in group B compare to group F (p<0.000). 0.75mm larger donor had been used in 8 eyes of group B, whereas none in group F.
Preoperative fundus examination could be performed in only 3 eyes in each group because of the corneal opacity. The fundus was normal in 2 eyes in each group. 1 eye had CME in group F and 1 eye had macular pucker in group B. The retina was attached in the remaining eyes on ocular ultrasonography. Preexisting glaucoma was treated either medically or surgically prior to PK in all cases. For this purpose, trabeculectomy was performed in 3 eyes in both groups. Ahmed Valve (New World Medical Inc., CA) was implanted in 1 eye in each group.
Since penetrating trauma or complicated cataract surgery caused severe damage, most of the study eyes had disorganized anterior segments. Open-sky anterior segment reconstruction was performed in these eyes. There was no statistically significant difference between two groups in terms of concurrent procedures performed during PK (all p values>0.300, Chi-square test). Graft survival rate at the end of the 1st year, mean preoperative and postoperative BSCVA, IOP and follow-up of both groups may be seen in table 2.
Although graft survival at one year was higher in group B, this difference was not statistically significant (p=0.358). There was no statistically significant difference in baseline BSCVA between the two groups (p=0.282). When visual acuities at the end of the first year were compared with baseline, a statistically significant improvement in BSCVA was found in both groups (p values were <0.001 in both groups, paired t test). Mean logMAR BSCVA improved from 2.75 ± 0.51 to 1.59 ± 0.87 in group F and from 2.86 ± 0.47 to 1.35 ± 0.85 in group B.
When postoperative first year IOP values were compared with baseline values, no statistically significant IOP elevation was found in group F (p=0.052, paired t test). Whereas, a statistically significant IOP elevation was observed in group B (p=0.008, paired t test). Postoperative IOP elevation occurred in 10 (29.4%) of 34 eyes in group F, 11 (50.0%) of 22 eyes in group B during follow-up. It was controlled medically in most of the cases. Surgical intervention either trabeculectomy or Ahmed valve was required in 3 cases from each group. AC IOL appeared to be a risk factor for postoperative IOP elevation. The percentage of the patients with AC IOL was 14.7% in group F and 22.7% in group B. Overall, 10 (17.9%) of 56 eyes had IOP higher than 30mmHg and half of them had AC IOL. A subgroup scleral flap in that group. Group B (burial) consisted of 22 eyes of 22 patients operated between January 2012 and December 2013 with 9/0 prolene sutures. In that group, suture ends were tied on each other. The long needle carrying that knot was passed once more through the sclera to bury them altogether underneath the sclera (Baykara's technique).
The medical records were reviewed for general demographics, preoperative and postoperative best spectacle-corrected visual acuity (BSCVA), date of and indication for surgery, surgical technique, intraoperative or postoperative complications, any subsequent surgical procedures required, and date of last follow-up. Intraocular pressure (IOP) was measured by Goldmann applanation tonometry. Values over 21.0mmHg at any point during follow-up were deemed IOP elevation requiring treatment. An allograft rejection was diagnosed if corneal clouding was noted in association with an epithelial or endothelial rejection line, keratic precipitates, and/or anterior chamber cells. Biometry was performed using contact A-scan ultrasound and keratometry. Corneal topography was performed with Keratograph III (Oculus, Wetzlar, Germany) after the removal of all running sutures. Optical coherence tomography (Cirrus 4000, Zeiss, Germany) was performed to confirm CME when suspected.
Surgical technique
All procedures were performed by a single surgeon (B.Y). Two-8 o'clock positions were marked. Three-9 axis was not preferred due to the location of the anterior ciliary arteries and long ciliary nerves. Prolene sutures were tied to the eyelets of a monobloc scleral-fixated IOL made of polymethyl methacrylate and 6.0×13.5mm in diameter. The conjunctiva was dissected at 2 and 8 o'clock quadrants. Two triangular scleral flaps were dissected at the limbus and a doublearmed 10-0 prolene suture (Alcon PC-9, Texas, US) was used in group F. No flaps were dissected and a single thread 9-0 prolene analysis revealed that the eyes with AC IOL from both groups showed a statistically significant IOP elevation at 1 year compare to baseline (p<0.000, paired t test). Mean IOP elevation was approximately 3mmHg.
Topographic analysis was achieved in 24 eyes with clear grafts in group F and 19 eyes in group B. Mean topographic astigmatism was 6.1 ± 3.2D in group F and 5.4 ± 3.8D in group B. The difference was not statistically significant (p=0.488, independent t test). Intraoperative complications were vitreous hemorrhage in 7 eyes (20.6%) in group F, 2 eyes (9.1%) in group B, anterior chamber hemorrhage in 3 eyes (8.8%) in group F, 1 eye in group B (5.0%). Scleral flap hemorrhage occurred in 3 eyes of group F (8.8%). Reasons for poor vision despite a successful surgery were as follows: irregular astigmatism, corneal haze, maculopathy, CME, diabetic retinopathy, primary/ glaucomatous optic atrophy and amblyopia. Late postoperative conditions are summarized in table 3.
In group F; the cut ends of prolene sutures became exposed through the sclera and the conjunctiva in 7 eyes (20.6%) (Figure 1) , whereas no exposure occurred in group B (Figure 2) . The difference between two groups was statistically significant (p=0.023). Suture exposure occurred in 4 eyes within one year postoperatively and in 3 eyes beyond 2 years. Argon laser suturolysis was performed on these eyes to cease discomfort and prevent infection. There wasn't any statistically significant difference between two groups in terms of other complications.
Discussion
In our study, preoperative visual acuity was hand motions in 50.0% of the eyes in group F and 59.0% in group B. A statistically significant improvement was achieved in mean BSCVA after PK-TS PCIOL in both groups (p<0.001). Visual acuity improved in 82.4% of the eyes in group F and 95.5% in group B. This rate has been reported as 86.2% with PK-TS PCIOL [8] . Malta et al reported an improvement in 59.0% of the patients with 42.9% of the eyes 20/100 or better [6] . Postoperative BSCVA was higher than 20/400 in 44.2% of group F and 81.7% of group B eyes. Despite visual results of group F are lower than previous reports, the results of group B are comparable. Although graft survival at 1 year was higher in group B (86.5%) than group F (70.6%), this difference was not statistically significant. That rate was reported as 89.7% by Koçak-Altintas and 97.0% by Malta [6, 8] .
The most prominent difference between two groups was observed in prolene suture erosion (p=0.023). The cut ends of scleral fixation suture became exposed in 7 eyes (20.6%) in scleral flap group. Suture exposure occurred within 1 year in 4 eyes (11.7%) which is comparable to previous reports of 11%-17.0% in a year [11, 13] . To prevent exposure, sutures are suggested to be cut long to lie parallel to the sclera [14] . Suture exposure may cause irritation, granuloma, giant papillary conjunctivitis, suture abscess and endophthalmitis [2, 6, 8, 15] . No exposure was observed in group B eyes with Baykara's scleral burial technique [12] . Spontaneous dislocation of TS PCIOL is reported between 1.9 [6] to 27.9% [9, 15] No dislocation occurred in our patients, like Kjeka's result [16] . Either double armed 10-0 prolene in group F or a single armed but thick 9-0 prolene in group B have provided strong fixation. However, crowded ends of double thread 10-0 suture under the scleral flap caused erosion. Although thicker, 9-0 prolene did not cause erosion, because it was buried parallel to the surface.
Although ACIOLs and iris-sutured PCIOLs are reported to be comparably safe for secondary implantation [17, 18] , the TS PCIOL is more appropriate in young patients [19] and in eyes with compromised cornea, anterior synechiae, shallow anterior chamber and glaucoma [1] . It is a preferred technique especially in combination with PK because of its anatomical location [4, 5, 7, 8, 16] . PK-TS PCIOL gives the surgeon access to the anterior segment via the open-sky approach and facilitates IOL explantation, anterior vitrectomy, synechiolysis, pupilloplasty and IOL implantation [20] . However, it carries expulsive hemorrhage risk and requires minimal maniplation. Thus, we have tried to work under a closed chamber as long as possible [7] .
There are reports of TS PCIOL with favourable results, however, serious complications have also been reported [2, 16, 18] . Ciliary bleeding has been reported in 4.4% [16] and 52% [15, 21] . It occurred 20.6% in group F and 9.1% in group B. Lower rate in group B may be a result of improving surgeon's skills over time. IOP elevation has been reported between 21.4 -24.1% after PK-TS PCIOL [6, 8] . It was observed 29.4% in group F and 50.0% in group B. Higher rate in group B may be a result of higher percentage of the eyes with an AC IOL. Another explanation is the more complicated anterior segment due to the selection of more difficult cases for surgery as a result of improved experience of the surgeon. IOP elevation was reported in 2.2% after TS PCIOL alone [16] . Higher rates in PK-TS PCIOL may be due to longer topical steroid use. CME was reported 17% in PK-TS PCIOL [6] . It occurred 5.9% in group F and 9.1% in group B. Retinal detachment may arise in 4.4% to 8.0% after TS PCIOL [16, 22] . Retinal tears are usually related to vitreous incarceration [23] . It did not occur in our patients. This may be related to meticulous removal of the vitreous before IOL implantation.
In conclusion, despite its limitations of its single-center and retrospective nature, our study showed that the PK-TS PCIOL procedure, as done by the open-sky method, provides visual improvement with an acceptable rate of complications. Scleral flap cover of the prolene sutures is associated with a high rate of suture exposure. Scleral burial of the sutures prevents exposure and shortens the surgical time. However, close monitoring of IOP after surgery is mandatory. Further prospective randomized studies may shed light on the efficacy and safety of these two techniques.
